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Abstract— The objective of this study was to investigate the quantitative index of CI in cucumber fruit based on electrolyte leakage 
and MDA content. The results show that a rapid increase in electrolyte leakage was observed after 4 days storage at 5ºC; while of 
fruit stored at 20ºC was maintained at the same level. On other hand, significant difference in MDA equivalent was not found between 
cucumber fruit stored at 5ºC and 20ºC; nevertheless, the MDA equivalent of fruit stored at 5 ºC was higher than that of stored at 
20ºC. Since the electrolyte leakage and MDA equivalent are related with oxidative stress which they increased in response to storage 
at low-temperature, thus they can be used as an indicator of cell membrane damage caused by CI in cucumber fruit. 
 




Cucumber fruit is susceptible to chilling injury (CI) 
characterized as surface pitting, dark watery patches and 
increased susceptibility to decay [1]. CI is a physiological 
disorder induced by low-temperature but non-freezing 
temperatures on chilling-sensitive products.  
Various methods have been developed to reduce CI in 
cucumber fruit [1; 2; 3; 4], but the mechanism involved in 
the CI of cucumber fruit are still not clear. CI is believed to 
be initiated by dysfunction of cell membranes at low-
temperatures. Change in properties of cell membranes at a 
low-temperature is thought to be primary event of CI (5). CI 
disrupts the balance of reactive oxygen species (ROS) 
metabolism, leading to their accumulation. The 
accumulation of ROS induces the lipid peroxidation, cause 
solute of leaking and accumulation of malondialdehyde 
(MDA) content [3; 4], leading to damage of cell membranes. 
Marangoni et al. (6) also reported the sequence of alteration 
of membranes caused by CI.  
Therefore, the investigation of CI index in internal level 
of fruit requires for ensuring of damage caused by CI.  The 
electrolyte leakage and MDA assessment has been used to 
measure CI indication [3; 4]. Thus, the objective of this 
study was to investigate the quantitative index of CI in 
cucumber fruit based on electrolyte leakage and MDA 
assessment. Fruits were stored at chilling-temperature and 
non-chilling-temperature for 6 day. The electrolyte leakage 
and MDA was evaluated every 2nd of storage. In addition, 
the kinetics of ion leakage from excised mesocrap discs of 
cucumber fruit was also determined. 
II. MATERIALS AND METHODS 
A. Plant materials and storage condition 
Cucumbers fruit (Cucumis sativus L.) at commercial 
maturity were purchased from Kanesue supermarket in Gifu 
city, Japan. Thirty fruit were divided into two lots and stored 
at 5°C (chilling-temperature) and at 20°C (non-chilling 
temperature) for 6 days. Fruits were packaged in 
polyethylene bags to prevent water loss during storage. 
Samples were taken every 2nd days to check electrolyte 
leakage and MDA content. The mesocarp of cucumber was 
cut into small cubes, frozen in liquid nitrogen quickly and 
stored at −50°C (NF-300SF, Nihon Freezer, Japan) until 
analysis. 
B. Electrolyte leakage 
Electrolyte leakage was assessed using a method 
described by Saltveit [7] with some modifications. 
Mesocarps of cucumber fruit from different parts (top, 
medium, bottom) were excised with a stainless steel cork 
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borer (diameter11 mm) and then cut into 4 mm thick discs 
by using a sharp knife. The discs were washed in deionised 
water thrice for 1 min each time and blotted dry, and 3 
selected discs were placed into 50 mL centrifuge tubes with 
20 mL of 0.2 M mannitol. The tubes were shaken at 100 
cycles/min in a water bath incubator (Personal-11, Taitec, 
Japan). Conductivity was measured with a conductivity 
meter (ES-51, Horiba, Japan) every 2 min for 1 h and the 
less frequently for 240 min. The tubes were then capped, and 
frozen and thawed twice over the next few days. The total 
conductivity of the solution was measured after an additional 
0.5 h of shaking. Individual conductivity readings were 
converted to the percentage of total conductivity. Ion efflux 
data from the excised mesocrap disc of cucumber fruit was 
analyzed to find Cf, D2, Kf, Ef, D3, Ks and Es. Root mean 
square error (RMSE) was calculated to measure the 
difference between the predicted values by an equation and 
the values actually observed. 
C. Malondialdehyde content 
MDA content was determined according to the method of 
Hodges et al. [8] with some modifications. Mesocarp tissue 
(1 g) of cucumber fruit was homogenised in 10 mL of 80% 
(v/v) ethanol along with 0.5 g inert sand using a mortar and 
pestle, followed by centrifugation at 3,000 × g at 4°C for 10 
min. A 1-mL aliquot of the appropriately diluted sample 
was added either to 1 mL of 0.65% thiobarbituric acid (TBA) 
solution containing 20.0% (w/v) trichloroacetic acid (TCA) 
and 0.01% butylatedhydroxytoluene (BHT) or to a solution 
containing 20.0% (w/v) TCA and 0.01% BHT. The samples 
were then mixed vigorously, boiled for 25 min, cooled in an 
ice bath immediately and centrifuged at 3,000 × g at 4°C for 
10 min. Absorbances at 532 nm, 440 nm and 600 nm were 
recorded using a spectrophotometer (UV1600, Shimadzu, 
Japan). The MDA equivalents were calculated by the 
following equations 
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D. Statistical analysis 
All experiments were repeated at least once with similar 
results. Appropriate data were combined and means and 
standard error were calculated from the data. Statistical 
significance was determined by subjecting the mean values 
to analysis of variance and means were compared by 
Tukey’s test at the 5% level of significance using R 2.15.2 
(R Foundation). 
III. RESULTS AND DISCUSSION 
Figure 1 shows the percentage of electrolyte leakage from 
excised mesocrap discs of cucumber fruit stored at 5°C and 
at 20°C for 6 days. The electrolyte leakage of fruit stored at 
20°C did not increase significantly during period of storage. 
On other hand, the increase of electrolyte leakage of fruit 
stored at 5°C was suppressed up to day 4, after that, it 
increased significantly. Particularly, it was significantly 
higher than that of fruits stored at 20°C on day 6. Significant 
increase of electrolyte leakage during storage at low-
temperature has been used as an indicator of CI, as reported 
for cucumber fruit [1; 3; 4; 9], tomato [7; 10; 11; 12] and 
lemon basil [13]. Parkin et al. [5] reported that a bulk lipid-
phase membrane transition occurs in chilling sensitive 
product during low-temperatures storage. In such a condition, 
the bulk lipid-phase membrane transforms from liquid-
crystalline phase to solid gel-phase lipids. As a result the 
permeability or leakiness of cellular membranes increased. 
In contrary, the bulk lipid-phase is maintained in the liquid-
crystalline state at non-chilling-temperature storage. 
Likewise, Wilson [14] reported that the membrane 
permeability at chilling temperatures have shown an increase 
in the rate of electrolyte leakage from chilling-sensitive 
product. 
 
Fig. 1. Percentage of electrolyte leakage from excised mesocrap discs of 
cucumber fruit during storage at 5°C (chilling-temperature) and at 20°C 
(non-chilling temperature) for 6 days. Vertical lines represent standard error. 
Values with different letters were significantly different at P < 0.05. 
 
Figure 2 shows the representative analysis of ion efflux 
data from excised mesocrap discs of cucumber fruit to find 
Cf, D2, Kf, Ef, D3, Ks and Es. These components were 
described by the combination of two exponential equations 
of the form  from a ‘fast’ extra-cellular 
apoplastic reservoir of ion and  from a 
‘slow’ cellular symplastic reservoir. Since the concentration 
of ion is expressed as the percentage of total conductivity, 
the Cf + Cs is equal to 100 [11]. D1 was the original data that 
calculated from the individual reading and then zeroed by 
subtracting the zero time value from all subsequent of 
readings to give the D1 in percentage of total conductivity. 
A linear equation was obtained from D1 by starting with 
data from 90 to 240 min, which was chosen when coefficient 
of determination (R2) was 0.99. The intercept of the linear 
equation gave the value of Cf i.e. the percentage of the total 
conductivity in ‘fast’ compartment. The D2 was calculated 
using the slope of linear equation for each sample time and 
then subtracted from the D1. The time constant from the 
‘fast’ compartment (Kf) was obtained by linearizing the D2 
data set. The exponential equation (Ef) was calculated for 
each sample time and then fitted to the D2 data set (RMSE = 
0.07). The values from Ef for each sample time were 
subtracted from the D1 to give the D3 data set. The D3 data 
set was linearized to obtain the time constant from ‘slow’ 
compartment (Ks). The exponential equation (Es) was 
calculated for each sample time and then fitted to the D3 
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data set (RMSE = 0.09). Combination of Ef and Es for each 
sample time was fitted to the D1 data set, and the prediction 




Fig. 2. Representative analysis of ion efflux data from excised mesocrap 
disc of cucumber fruit held in a 0.2 M mannitol solution to find Cf, D2, Kf, 
Ef, D3, Ks and Es. Root mean square error (RMSE) was 0.09, 0.07 and 0.09 
for D1 versus Ef+Es, D2 versus Ef and D3 versus Es, respectively. 
 
Figure 3 shows the percentage of total conductivity in the 
‘fast’ compartment (Cf) from excised mesocrap discs of 
cucumber fruit stored at 5°C and at 20°C for 6 days. No 
significant increase of Cf values was observed of fruit stored 
at 20°C during period of storage. On other, the Cf values of 
fruit stored at 5°C did not increase significantly up to day 4, 
after that, the Cf values increased significantly. Particularly, 
the Cf values was significantly higher than that of fruit stored 
at 20°C on day 6. Cf represents the apoplastic concentration 
of diffusible ion which the values increase after remaining 
constant for several day at low-temperature storage. It has 
been reported the rapid increase of Cf from mature green 
tomato is observed after 4 days of storage at 2.5°C for 24 




Fig. 3. The percentage of total conductivity in the ‘fast’ compartment (Cf) 
from excised mesocrap discs of cucumber fruit stored at 5°C (chilling-
temperature) and at 20°C (non-chilling temperature) for 6 days. Vertical 
lines represent standard error . Values with different letters were 
significantly different at P < 0.05 
 
Figure 4 shows the coefficient of fast compartment (Kf) of 
the kinetic analysis of electrolyte leakage from excised 
mesocrap discs of cucumber fruit stored at 5°C (chilling-
temperature) and at 20°C (non-chilling temperature) for 6 
days. The Kf values were maintained at the same level for 
both of temperatures tested during period of storage where 
significant difference in Kf values was not found among 
temperatures tested. The coefficient Kf describes the rate of 
ion leakage from the apoplastic compartment (i.e. outside the 
cellular membrane), and it remained relatively constant 
during chilling temperature [7]. Saltveit [11] reported that 
the Kf values from excised of green mature tomato did not 
change during storage at 2.5ºC for 24 days. Similar finding 
also reported that significant increase in Kf did not show 




Fig. 4.  The fast compartment coefficient (Kf) of the kinetic analysis of 
electrolyte leakage from excised mesocrap discs of cucumber held in a 0.2 M 
mannitol solution stored at 5°C (chilling-temperature) and at 20°C (non-
chilling temperature) for 6 days. Vertical lines represent standard error. 
Values with different letters were significantly different at P < 0.05. 
 
 
Fig. 5. The slow compartment coefficient (Ks) of the kinetic analysis of 
electrolyte leakage from excised mesocrap discs of cucumber fruit held in a 
0.2 M mannitol solution stored at 5°C (chilling-temperature) and at 20°C 
(non-chilling temperature) for 6 days. Vertical lines represent standard 
error. Values with different letters were significantly different at P < 0.05. 
 
Figure 5 shows the coefficient of slow compartment (Ks) 
of the kinetic analysis of electrolyte leakage from excised 
mesocrap discs of cucumber fruit stored at 5°C (chilling-
temperature) and at 20°C (non-chilling temperature) for 6 
days. Ks values was maintained at the same level during 
period of storage when fruit were stored at 20°C. Ks values 
of fruit stored at 5°C increased significantly on day 6 after 
remaining relatively constant for the first 4 days of chilling, 
which the Ks values was higher significantly than that of 
fruit stored at 20°C. The coefficient Ks describes the rate of 
ion leakage from symplastic compartment (i.e. across the 
cellular membrane), which the values increase during 
224
storage at chilling temperatures. Saltveit [11] found a similar 
trend of the change Ks value with Cf value, which rapid 
increase on Ks is shown after 4 days of storage, and these 
trends correspond to the Cf and Ks obtained in this study. 
Figure 6 shows the MDA equivalent of cucumbers fruit 
during storage at 5°C and 20°C for 5 days under ambient air. 
The MDA equivalent increased for both temperatures tested 
during period of storage, but significant difference was not 
found among both of temperatures tested. Although 
significant difference was not found among them, however, 
the MDA equivalent of fruit stored at chilling temperature 
was higher than those of fruit stored at non-chilling 
temperature during period of storage. As final product of 
lipid peroxidation, the MDA is often used as index of cell 
damage under environmental stress, as reported for 
cucumber fruit (3; 4; 15) and pears [16]. Low temperatures-
induced changes in the properties of cell membranes due to 
change in physical state of membrane lipids (membrane 
phase change). As a result increases the production of 
reactive oxygen species (ROS), leading to damage of the cell 
membranes [17]. Mao et al. [3] indicated that CI might 
mediate catabolic reaction targeting cell membranes. 
 
 
Fig. 6. The MDA equivalent of cucumber fruit during storage at 5°C 
(chilling-temperature) and at 20°C (non-chilling temperature) for 6 days. 
Vertical lines represent standard error. Values with different letters were 
significantly different at P < 0.05. 
IV. CONCLUSIONS 
In this study, the investigation of CI of cucumber fruit 
based on electrolyte leakage and MDA equivalent was 
carried out. A rapid increase in electrolyte leakage was 
observed after 4 days storage at 5ºC; while of fruit stored at 
20ºC was maintained at the same level. On other hand, 
significant difference in MDA equivalent was not found 
between cucumber fruit stored at 5ºC and 20ºC, nevertheless, 
the MDA equivalent of fruit stored at 5 ºC was higher than 
that of stored at 20ºC. Since the electrolyte leakage and 
MDA equivalent are related with oxidative stress, which 
they increase in response to storage at low-temperature, thus 
the electrolyte leakage and MDA equivalent can be used as 
an indicator of cell membrane damage caused by CI in 
cucumber fruits. 
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